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Comercial  ref ining of coal tar is based on a primary separation 
involving either atmospheric o r  vacuum dis t i l l a t ion .  The tar is separated 
i n t o  a d i s t i l l a t e  f rac t ion  and a non-volatile pi tch fraction. 
molecular w e i g h t  character and thermal i n s t a b i l i t y  of most tars limits the 
mount of d i s t i l l a t e  from 50 to 6 6  of the r a w  tar. 
influenced the u t i l i za t ion  of tar t o  a considerable extent. 

The high 

Tbese factors  have 

Solvent refining o f  t a r  i s  of i n t e r e s t  as an alternate priuary 
fractionation method since it might overcone the oiajor l i n i t a t i o n s  of the 
d i s t i l l a t i o n  process. The temperatures required for solvcnt refining a re  
usuzlly considerably lower than the maxinun temperatures reached in d i s -  
t i l l a t i o n  and consequently less destructive t o  the  themal ly  sensi t ive tar 
conponents. In  acldition, separations based on chemical. s t ructure  can be 
effected degending on the choice of solvent. 
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L o w  tenperature coal tar i s  coqosed of an ex t remly  broad and 
conplex mixture of t a r  acids, nitrogen bases, sulfur  co!n>ounds, neutral  
hydrocarbons i n  various degrees of unsaturati%n o r  cyclization and hetem- 
cyclic structures.  
were possible by solvent refining. 

It w a s  therefore of i n t e r e s t  t o  determine what separations 

Tie resu l t s  of e a r l i e r  investigators on solvent ref ining of coal 
ng on the class  of solvent 

mpi  w i t h  polar solvents including 
tars can be divided in to  two categories d 
used. Extractions carried out by Sinnntt 
methanol, ethanol, pyridine, etc. ,  resulted i n  essent ia l ly  coaplete solu- 
b i l i t y  of the ta r .  Extraction of a with paraff‘n c hydrocarbons, pentane 
t o  decane, carr ied out by Jacobsen13f ar,d Meinde1t”f resul ted i n  the solution 
of 40 t o  60$ of the  tar .  There have been no studies reported on the ref ining 
of raw lo-d temperature coal tar with low boil ing paraff inic  hydrocarbons under 
presaure which would pelmit an evaluation of the important extraction var i -  
ables. 

Kuhn(5) exanlned the propane refining of a pentane extract  from 
high teinperature tar. 
t ract ion teaperatures of fro3 30 to 90°C yields of propam extract  varied 
from 5 t o  72$ of the pentane soluble tar.  
scn t ia l ly  indepnndent of t e q e r a t u r e  varying d i rec t ly  with the solvent ra t io .  
The separation effected by propme sppeared t o  be principal ly  on the basis  
of Eolecular weight. 
cozpounds concentrated i n  the propane reject .  

W e  extract  represented 385 of the raw tar. A t  ex- 

Tac yie ld  of extrzct  w a s  es-  

In addition, oqgen, nitrogen and s u l f u r  containing 
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I n  our investigation, a study was made of single-stage batch ex- 
t r ac t ion  of l o w  tenperatare coal tar vith paraffinic solvents fzom proGeae 
through hexane. 
tar  Cnctlons could be made Over a wide range of tempraturea snd which 
permitted precise material balances. 
solvent structure,  solvent r a t io  and extraction temperature has been cor- 
re la ted  vith the yield and composition of extract  and raffinate tars. 

An apparatas vas desimed i n  which extraction of tar o r  

The effect  of solvent molecular weight, 

The extraction apparatus consisted of' a 2-liter capacity Parr 
s t i r r e d  autoclave modified as shown i n  Figure 1. 
was equipped with a 1/4-inch s ta in less  steel valve and drain tube to pm- 
vide bottom withdrawal of the l iqu id  contents. 
ta be used as a pressure separatxry f u e l .  
was  employed in addition t o  the inner themocouple to  prevent excessive 
bomb surface temperature w h i c h  night polymerize the thermally sensit ive 
tar components. 
yi1s Frovided n i t h  a n ichmm heating elcnent. %is tube extenaed into a 
round bottomblask which served as the product receiver and f lash  still. 
A water-cooled condensing system followed by a dry i c e  t r ap  condensed the 
f l a sh  d i s t i l l e d  solvents. 
reactor f r o m  the t ransfer  bonb by nitrogen pressure. 
vo la t i l e  solvents vas measured by the wet test gas neter. 

ZP?e bottom of the bomb 

This pennittea the reactor 
An autoclave skin thernocouple 

To keep the viscous pitch f lu id  ami mobile, the  drain tube 

Propane, butane and pentane vere charged to the 
Recovery of the inom 

The autoclave w s s  charged -dth 250 to  600 gis of filtered Disco 
tar which contained 2.0$ moisture. 
f r e e  with a specific gravity a t  25/25OC of 1.100. The amount of solvent to 
be arlded w a s  computed, the recplred amount volumetrically measured, veighed 
aad ch i l led  to  -2OOC t o  minimize solvent loss io  t ransfer  to the opened 
autoclave. However, the more vo la t i l e  solvents, propane, butane and pentane, 
were charged to the assembled reactor quantitatively by weight difference 
from the nitrogen pressurized t ransfer  bomb. After the reactor vas sealed, 
the inner bomb temperature was brought t o  the desired l eve l  i n  approximately 
one hour and the temperature held constant during ag i ta t ion  f o r  15 minutes. 
Separation of the phases by gravity se t t l i ng  w a s  allowed for 1/2 hour. The 
lower phase (pitch or raf'finate phase) was drawn off through '&e heated 
drain tube and appeared as a frothy gelatinous mass. The interface w a s  
recognized when a sudden burs t  of gas was emitted f r c m  the drain tube due 
to the f lash  vaporization of the vo la t i l e  solvent-rich extract  phase. A t  
t h i s  time the gelatinous frothy nature of the draining l iqu id  disappeared. 
For collection of the ex t rac t  phase, the receiver vas replaced by a clean one 
and the extract  tar and flashed solvent collected separately. 
separation of solvent f r o m  the product was done by f rac t iona l  d i s t i l l a t i on .  
Propane and butane recovery vas measured by a wet test gas meter. Over& 
material  balances ranged f r o m  98 to 1001'p. 
higher in purity except pentane w h i c h  w a s  a commercial grade of 9 6  purity. 

%e tar volume was calculated as moisture- 

Further 

All solvents used vere 9% or 

DISCUSSION OF FZSULTS 

The y le ld  of ext rac t  tar is  dependent upon three factors, that 
If is, the  in t r in s i c  solvent properties, solvent r a t io  and temperature. 

the  temperature is maintained constant a t  100°C and extract  yield i s  plotted 
against  solvent ratio,  ex t rac t  y ie ld  increases w i t h  increased solvent boil ing 
point or carbon chain length as shown i n  Figure 2. 
of 2.5 n-butane yields 42k extract, n-pentane 57$ and hexane 7 6 .  

Thus at a solvent ra t io  



lhe branched chain solvents behave more l i k e  a lower molecular weight' 
s t ra ight  chain analogue, f o r  example, the yield of extract  using isopentane, 
falls between the yields ovserved f o r  a-butane and n-pentane. 
paraffin, 2,3-dimethyl butane, i n  a similar comparison yields  6& extract ,  a 
value between the yields  for n-hexane and n-pentane. 
points of the  solvents are plot ted against extract  yield at  a solvent r a t i o  
or 2.5, t h e  relationship i s  very nearly defined by a s t r a i g h t  l i n e  function. 

A t  a constant temperature of loO°C a solvent ratio greater than 

The branched 

Iphus, i f  the boiling 

2.5 has very l i t t l e  e f f e c t  upon yield.  
solvents boil ing above n-butane. When the hexane r a t i o  is decreased below 
2.5 the y i e ld  of extract  increases t o  @$ at  0.75 solvent volumes. 
the solvent r a t i o  fur ther  resu l t s  i n  slov and uncertain phase separations. 
i s  estimated tha t  cornplete so lubi l i ty  of the ta r ,  that is, the p l a i t  p i n t  i s  
attained a t  a solvent r a t i o  of 0.6. 
however, the p l a i t  point i s  somewhat lower and is estimated at a solvent r a t i o  
of 0.5. Lowering the butane or propane solvent r a t i o  below 2.5 resul ts  i n  a 
reverse e f f e c t  on yield i n  contrast  t o  that obtained w i t h  pentane and hexane. 
The yield o f  extract  using butane drops to 375 a t  a solvent r a t i o  of 1. 

This i s  par t icular ly  t rue  of the 

Decreasing 
It 

Pentane behaves i n  a s imilar  manner, 

The e f fec t  of temperature upon the yield of extract  tar obtained 

Thus a t  a solvent ratio of  2.5 
with hexane and butane is sumnarized i n  Figure 3. 
produces a considerable increase i n  field.  
the yield a t  100°C of n$ i s  increased t o  78$ at 150°C. 
parison exhibits the reverse e f fec t  vith temperature and gives lover yields  
a t  the h i&r  t eqe ra tu re .  
the yield a t  a solvent r a t i o  of 2.5 decreases from 44 t o  43%. A t  a solvent 
r a t i o  of 4.5 this decrease i n  yield vith increased temperature is  even more 
pronounced and drops f r o m  51 t o  44$. This decrease i n  yield w i t h  butane a t  
the higher temperature may be at t r ibuted to the  lov c r i t i c a l  temperature of 
butene (153°C) f o r  a t  150°C butane approaches the completely gaseous state. 
Hexane exhibits the more nomal l iqu id  solvent behavior because a t  150°C it 
is  below its c r i t i c a l  temperature of 235°C. 
of temperature as hexane. Similar results were obtained by lCuhnG7 on propane 
extraction of pentane extract  from high temperature tar. 
the yield of extract  w a s  di rec t ly  proportional to the solvent r a t i o  and 
essent ia l ly  independent of the temperature. 

The higher temperature 

Butane i n  com- 

By rais ing the temperature from 100°C to 150°C 

Pentane shows the s ef fec t  

Kuhn showed that 

The efficiency and se lec t iv i ty  of fractionation of the tar by 
the solvents w a s  measured by the a b i l i t y  of the solvent t o  produce an ex- 
t r a c t  of low asphdltene content. 
of the extract  t a r  saniple w h i c h  wa8 insoluble a t  25°C i n  120 volumes of 
petroleum ether,  which had a boi l ing range of 30-65"~. 
tained 24.8$ asphaltenes. l k e  asphaltene contamination of the t a r  extract  
f rzct ions Kith taperature, solvent, and solvent r a t i o  as  parameters was 
determined and i s  shown i n  Figure 4. Increase i n  extraction temperature 
shows tha t  a particular 'solvent became l e s s  select ive as indicated by the 
increased asphaltene contenination of the extract. For example, hexane a t  
l p ° C  shoirs an extract  tar asphaltene contamination of about 23dp and only 
18% et 100°C. A similar broad change i s  noticed w i t h  pentane and butane. 
me lover the boiling point of the solvent, the greater se lec t iv i ty  it ex- 
h ib i t sza t  a-*given temperature and solvent ra t io .  
the l e a s t  select ive and butane the most. 

Asphaltenes were measured as that fract ion 

The feed tar con- 

Thus, at loO°C, hexane is  



Increasing the solvent r a t i o  fran 1 to 2.5 produces the la rges t  
increase i n  se lec t iv i ty .  
results i n  a reduction i n  asphaltenes f m R  18 t o  E$. Pentane and butane 
show similar changes. 
change i n  the aolvent s e l ec t iv i ty  as indicated by the re la t ive ly  constant 
asphaltene values. 
as the solvent ratio is increased above 2.5. 

Increasing the hexane r a t io  frm 1 t o  2.5 at 1 0 0 ° C  

Increzsing the solvent r a t io  above 2.5 produces l i t t l e  

Ewever, a t  1w'C hexane se l ec t iv i ty  appears t o  increase 

Because of the economic v d u e  of low boiling tar acids in tar pia- 
cessing, it w a s  important t o  compare the solvents with respect t o  the i r  
a b i l i t y  t o  recover the t a r  acids boiling to 230'C. 
covery of tar acids boi l ing  to  230°C and the asphaltene carryover i n  the 
ex t rac t  was made lor propane, butane, pentane and h e m e  w t t h  the extraction 
temperature held constant at  l 0 O ' C  and the solvent r a t i o  of 2.5, E y r e  5. 
Recovery of tar acids boi l ing  to 23O'C increases with increased carbon chain 
length of the solvent. Thus, propane gives the lovest  recovery, 23$, erd 
hexane the highest, 6s. However, the higher boiling solvent shows a poorer 
s e l ec t iv i ty  by higher asphaltene canyover. 

A capar i son  of the re- 

, 

To determine if multi-stage extraction would increase the low 
boiling tar acid recovery, r e j ec t  p i tch  f r o m  the one-stage extrection xes 
contacted a second t i m e  with f resh  solvent. !Be extraction was carried out 
a t  100°C with pentane a t  a solvent r a t io  of 2.5, By this secocd extraction 
the t o t a l  recovery of tar ac ids  boiling to  230°C is  increased t o  78&. It 
i s  estimated tha t  5 stages are suf f ic ien t  t o  give recoveries be t t e r  than 955. 

Comparison of the ultimate analyses of extracts and pitches ob- 
tained a t  1 0 0 ° C  a t  a solvent r a t io  of 2.5 i n  Table I indicates th2t the core 
polar and hetero-atom compounds are preferentially rejected and concer.trated 
i n  the p i tch  phase. The concentration of nitrogen, oxygen er.d sulfur is-xuch 
lm-er i n  the extract. 
weight compounds a re  concentrated i n  the extrzct .  As the rcolecular vei&t of 
the solvent decreases, the  se l ec t iv i ty  for hydrogen r ich  cozponents increases 
as evidenced by the increase i n  hydrogen content of the extracts. The selec- 
t i v i t y  f o r  rejecting sulfur c o ~ o u n d s  is independent of solvent rcolecular 
weight. 

Compounds rich i n  hydrogen and the lower roleculer 

Comparison of sone of the properties of the extracts md re jec ts  
i n  Table I1 further shows the type of t a r  fractionation effected by the 
solvents. ?he extracts consist  of the lower gravity, the higher hydrogen 
carbon r a t io  and lower v iscos i ty  tar ccinponents, t ha t  is, the lover rooleclrler 
weight compounds. In  pzssing f r o m  propzne to  hexene, each successively 
higher boiling solvent i s  f rac t iona t ing  the tar a t  some higher mlecular  
wei&t cut point. 
viscosity and increased softening point of the r e j ec t  fraction. 

This i s  borne out by the progressively increasing ex t rac t  

A comparison of t h e  f r x t i o n a l  d i s t i l l a t i o n  analyses of t h e  ex- 
tracts shovn i n  Figure 6 inbicates that the solvents a re  frectionating tie 
t a r  not only with respect t o  functional group conponents but a l s o  Kith respect 
to molecular weight or d i s t i l l a t i o n  cut point. 
the solvent i s  increased, t h e  d i s t i l l a t i o q  (analysis) of t h e  extract  ap?rozchcs 
t h a t  of the feed tar. Thus, propane extract  contains the l e a s t  pitch (ijw'C) 
and hexane extract  the most. Since the amount o f  each d i s t i l l a t e  fraction 
boiling below the pitch f rac t ion  is greater than the corresponding feed tzr 
fraction, it is indicative tha t  solvent fractionation resembles fractional. 

As the carbon chain lezqth of 
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dieti l lat ion; however, the cut point correspond. to a hieer toaperature 
than obtoiaoble by conventional f ract ional  dieti l lat ion.  lEhis cut point 
varies w i t h  the in t r ins ic  solvent nature and iacreaaeo vith the increcued 
boiling point of the Porpmnlc solvent e@oyad. bu- a b i k  
a hlaer cut point vith respect to dieti l laMoa than g-e. -tam is 
hlgher than butane, aad the branches chrin eolvento bahave more l i ke  the 
lower molecular wei@t stralgbt chain analogues. 

1. An appantus y88 designed vhich peamittad extraction of a 
viscous tar wlth pareffinic hydrocarbon solvmts over 8 
peratares with accurate pboet separation0 and material biLrpceo. 

of taa- 

2. Solvant ratios higher than 2.5 did not appreciably inareme 

Propane and at-butane differed fmr tbe higher boillag solventa 
the field of extract or extraction selectivity Vith 8d.vents boiliog above 
n-butane. 
in that yield of extrrct VQB proportional to the eolvent and these s o l v a t e  
exhibited the highest eelectiri ty.  

3. Solvents boiling above n-butane shoved higbcr yielda but 
lmr  selectivity upon increulng the teqerature. 
tractions shoved very l i t t l e  effect  of tcaperature. 

t i l l a t ion  in that, the hl@er molecular ni@t, higher boiling campound. 
were preferentially separated a8 a reject N e .  

Bo& butane ex- 

4. Extraction of low temperature tar va8 comparable to die -  

5. The bpth of extraction, coagwrble to die t i l l a t ion  cut 
point, waa dependent upon the boiling point of the solvent w o y e d .  
higher the boiling point of the solvent the deeper YSI the c u t  point. 
depth of extraction obtainable by solvents was at a hi-r asAeculu mi@t 
level than possible by conventional dieti l lat ion.  

in a multi-etege extractor. 

Tha 
9ha 

6. rU@ recovery of low boiling tar auida obould be poraible 

. . . - . 
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figure 5 

TABLE I1 DISTILLATION OF EXTRACT TAR 

Figure 6 


